###### Strengths and limitations of this study

-   We were able to determine the percentage of patients with chronic obstructive pulmonary disease who are unknown to the general practitioner and lung physicians.

-   We did not collect data on the number of cigarettes smoked, the duration of cigarette smoking or individual exposure to environmental pollutants.

-   We did not account for possible confounding factors, such as socioeconomic status and other lifestyle factors.

Introduction {#s1}
============

Chronic obstructive pulmonary disease (COPD) occurs as a result of long-term exposure to cigarette smoke and other forms of atmospheric pollution. COPD is characterised by persistent airflow limitation that is usually progressive and associated with a chronic inflammatory response in the airways and lungs.[@R1] The incidence of COPD is increasing worldwide, and by 2020, COPD is expected to be the third largest cause of death in the world.[@R2] COPD is known as a 'lifestyle disease' of the lungs, and the main cause is smoking.[@R3]

In recent years, there has been growing concern regarding atmospheric particulate matter (PM) and, in particular, PM smaller than 2.5 µm in diameter (PM2.5). PM2.5 particles are small and easily able to penetrate deep into the lung tissue. Therefore, there is concern that rising PM2.5 levels will cause an increase in the incidence of respiratory illness.[@R4]

Generally, pollution in Japan has decreased following passage of the Pollution-Related Health Damage Compensation Law in 1973, but transboundary air pollution is becoming problematic. Air pollution from China has affected neighbouring Asian countries, and in Japan, its effects are being especially felt on the island of Kyushu.[@R5] In response, the Ministry of the Environment has issued interim guidelines in advance of new regulations. These guidelines require that the daily PM2.5 concentration be below 35 µg/m^3^ and the yearly average be below 1.8 µg/m^3^, and require maintenance of a continuous monitoring system.[@R6] Of further concern, in Kurashiki (in Okayama Prefecture), a previously designated air pollution region, individuals diagnosed with compromised respiratory function did not completely recover even after the air pollution in Kurashiki decreased.[@R7]

The number of persons seeking treatment for respiratory disease in Japan is reportedly only 260,000, suggesting that many people are without treatment. Further, the prevalence of COPD in Japan is ∼10%, which is lower than the rate of 15--20% in Western countries. One reason for this difference between countries may be that in Japan the awareness of COPD is low and initial symptoms---breathlessness during exertion, coughing and production of phlegm---are mistaken for the natural phenomena of ageing.[@R8] [@R9]

In an attempt to improve the early management of COPD, various providers are attempting early detection. In this pursuit, the International Primary Care Airways Group (IPAG) COPD[@R10] questionnaire, endorsed by the Global Initiative for Chronic Obstructive Lung Disease (GOLD), has been used in combination with spirometry testing, and is reportedly a successful screening strategy.[@R11] In the present study, the sensitivity and specificity of the questionnaire in the subgroup of smokers were estimated to be 93% and 39%, respectively.[@R12]

As an additional strategy, a cooperative regional system focusing on early diagnosis and treatment has recently been developed. This collaborative effort between universities, medical facilities and health centres has led to improvement in early detection of COPD and prevented exacerbation of this disease and, in turn, reduced health costs.[@R13] Health centres and universities jointly performed screening and introduced suspected patients with COPD to medical facilities for early detection and diagnosis of COPD.

On the basis of this success, there might be a need for systematic COPD screening and the creation of cooperative COPD diagnosis models in other regions, especially in regions of air pollution.

This study aimed to replicate this model, with cooperation of the Ōmuta Medical Association, health centres and others, and to evaluate the effectiveness of the cooperative COPD diagnosis model in the city of Ōmuta.

Methods {#s2}
=======

Study design and setting {#s2a}
------------------------

Screening for COPD was additionally performed during routine health examinations at four different public health centres in Ōmuta, in the Fukuoka Prefecture of Japan, from March 2015 to March 2016. All patients who were aged over 40 years were eligible for screening. Among 14 383 individuals, 397 persons aged over 40 years underwent a routine examination, and of these, 293 agreed to undergo COPD screening.

Clinical measurements {#s2b}
---------------------

The variables examined were age, sex, height, weight, body mass index (BMI), forced vital capacity (FVC), per cent vital capacity (%VC), forced expiratory volume in 1 s (FEV1) and FEV1/FVC%. Data were additionally collected on pre-existing respiratory conditions (bronchial asthma, chronic bronchitis, combined bronchial asthma and chronic bronchitis, or other respiratory illness) and on current smoking status (current smoker, ex-smoker, passive smoker, never smoker).

To determine which patients might have COPD, the IPAG COPD questionnaire ([figure 1](#BMJOPEN2016012923F1){ref-type="fig"}) and spirometry tests were administered. Spirometry (Autospiro AS-407; Minato) testing was performed according to the Japanese Respiratory Society guidelines. The established criteria for suspicion of COPD were an FEV1/FVC% score \<70% before administration of a bronchodilator and a COPD questionnaire score \>17 points. Patients suspected were referred to local central hospitals for diagnosis. We followed whether a definitive diagnosis was provided and treatment was received at these hospitals.

![IPAG Questionnaire. Sichletidis *et al.*[@R12] BMI, body mass index; IPAG, International Primary Care Airways Guidelines.](bmjopen2016012923f01){#BMJOPEN2016012923F1}

Air pollution monitoring {#s2c}
------------------------

Data on mean monthly concentrations of air pollutants were obtained at central points in Ōmuta. Monitoring of PM2.5 and PM10 concentrations started in 2013. We collected data on the concentration of PM2.5 and suspended PM (SPM) in the atmosphere over Ōmuta between December 2013 and March 2015.

Statistical analysis {#s2d}
--------------------

The Shapiro-Wilk test was used as a test of normality of the data. The suspected COPD group and non-COPD group were compared with the Mann-Whitney U test. The questionnaire item relating to smoking was examined using the Cochran-Armitage test and the χ^2^ test. The significance level for all tests was set at 0.05. PASW for Windows (V.18) was used for the statistical analysis.

All patients provided written consent before data collection began.

Results {#s3}
=======

A total of 293 patients agreed to screening for COPD, and of these, 30 were suspected to have COPD. These patients all scored over 17 points on the COPD questionnaire and had an FEV1/FVC% \<70% ([figure 2](#BMJOPEN2016012923F2){ref-type="fig"}); all 30 patients had stage II disease and showed a moderate degree of COPD. The physical characteristics and spirometry results of the screening examination for patients with and without possible COPD are shown in [table 1](#BMJOPEN2016012923TB1){ref-type="table"}. On the IPAG Questionnaire, responses to the items of production of phlegm, morning production of phlegm, wheezing and presence of allergies were significantly different between patients with and without suspected COPD ([table 2](#BMJOPEN2016012923TB2){ref-type="table"}).

###### 

Characteristics of the study patients

                                                                 COPD group (n=30)   Non-COPD group (n=261)   p Value
  -------------------------------------------------------------- ------------------- ------------------------ ---------
  Age                                                            70.9±8.1            64.4±11.9                \<0.04
  Sex (men/women)                                                14/16               73/188                   \<0.03
  Height (cm)                                                    158.2±10.9          157.2±7.91               0.67
  Weight (kg)                                                    55.3±10.2           56.9±10.9                0.46
  BMI (kg/m^2^)                                                  0.22±0.03           0.21±0.02                0.20
  FVC (L)                                                        2.64±0.95           2.92±0.74                0.14
  %VC (%)                                                        93.6±16.7           106±17.6                 \<0.00
  FEV1 (L)                                                       1.6±0.62            2.22±0.57                \<0.00
  FEV1/FVC% (%)                                                  63.2±6.1            83.8±25.2                \<0.00
  IPAG score                                                     22.1±3.6            16.9±4.9                 \<0.00
  Smoking status (smoker+ex-smoker/ non-smoker/passive smoker)   (14/10/6)           (75/121/65)              \<0.04
  BI                                                             474.65±560.9        96.81±267.74             \<0.00

Values are presented as mean±SD.

Differences in sample characteristics were analysed for significance using the Mann-Whitney U test and Cochran-Armitage test.

%VC, per cent vital capacity; BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; IPAG, International Primary Care Airways Group.

###### 

Responses of the COPD questionnaire

                               COPD group (n=30)   Non-COPD group (n=261)   p Value
  ------------------------ --- ------------------- ------------------------ ---------
  CF3:BMI\<25.4 kg/m^2^    n   26                  209                      \<0.04
  Yes (%)                      (87%)               (80%)                    
  BMI 25.4--29.7 kg/m^2^   N   4                   39                       \<0.04
  Yes (%)                      (13%)               (15%)                    
  BMI\>29.7 kg/m^2^        n   0                   13                       \<0.03
  Yes (%)                      (0%)                (5%)                     
  CF4                      n   5                   13                       \<0.03
  Yes (%)                      (17%)               (5%)                     
  CF5                      N   12                  59                       \<0.01
  Yes (%)                      (40%)               (22%)                    
  CF6                      n   9                   47                       \<0.02
  Yes (%)                      (30%)               (18%)                    
  CF7                      N   6                   22                       \<0.03
  Yes (%)                      (20%)               (8%)                     
  CF8                      n   4                   18                       \<0.04
  Yes (%)                      (13%)               (7%)                     

BMI, body mass index; COPD, chronic obstructive pulmonary disease.

![Flow chart showing the screening process. FEV%, FEV1/FVC% IPAG score, International Primary Care Airways Guidelines Questionnaire score.](bmjopen2016012923f02){#BMJOPEN2016012923F2}

The estimated prevalence of COPD among people aged over 40 years was 10%. Notably, a higher prevalence of COPD was observed in the group of smokers (21%) and ex-smokers (13%) compared with the passive smokers (7%) and non-smokers (7%) ([table 3](#BMJOPEN2016012923TB3){ref-type="table"}).

###### 

Calculation of the prevalence of COPD in Ōmuta

                                                                  Total (N=293)               Smoker (n=37)               Ex-smoker (n=42)            Passive smoker (n=81)      Non-smoker (n=133)
  --------------------------------------------------------------- --------------------------- --------------------------- --------------------------- -------------------------- -------------------------
  Patients with IPAG score indicating COPD                        166/293=0.57                32/37=0.86                  26/42=0.61                  38/81=0.47                 70/133=0.53
  Ratio of those thought to be COPD after performing spirometry   30/166=0.18                 8/32=0.25                   6/26=0.23                   6/38=0.15                  10/70=0.14
  Patients with both IPAG score and spirometry indicating COPD    14 838 ×0.57×0.18=1522.37   14 838 ×0.86×0.25=3190.17   14 838 ×0.61×0.23=2081.77   14 838 ×0.47×0.15=1046.1   14 838 ×0.5×0.14=1100.9
  Prevalence of suspected COPD in people aged over 40 years       1522.37/14 838 ×100=0.10    3190.17/14 838 ×100=0.21    2081.77/14 838 ×100=0.14    1046.1/14 838 ×100=0.07    1100.9/14 838 ×100=0.07

COPD, chronic obstructive pulmonary disease; IPAG, International Primary Care Airways Group.

Of the 30 patients with suspected COPD who were referred to local central hospitals, only 6 actually underwent diagnosis. Follow-up of the diagnoses showed one patient with COPD, three patients with bronchial asthma, one patient with lung cancer, and one patient with lung cancer and COPD ([table 4](#BMJOPEN2016012923TB4){ref-type="table"}).

###### 

Characteristics of the physical state of diagnosed patients

  Medical examination   Sex      Smokers      IPAG   Age   Height   Weight   BMI (kg/m^2^)   FVC    %VC     FEV1   FEV1/FVC   Diagnosis
  --------------------- -------- ------------ ------ ----- -------- -------- --------------- ------ ------- ------ ---------- ---------------------
  1                     Male     Non-smoker   27     76    162.3    57.2     21              3.41   106.5   2.31   67.7       Bronchial asthma
  2                     Male     Ex-smoker    24     58    152.2    55.4     23              2.36   73.5    1.67   72.3       Lung cancer
  3                     Female   Non-smoker   17     82    153.3    60.4     25              1.59   76.4    0.87   54.7       Bronchial asthma
  4                     Female   Smoker       26     71    153.4    44.4     18              2.44   106.5   1.56   63.9       Pulmonary emphysema
  5                     Male     Smoker       30     66    165.5    51.3     18              3.71   103.9   2.24   60.0       COPD+lung cancer
  6                     Male     Smoker       22     68    162.5    68.2     25              3.07   90.5    1.91   62.2       Bronchial asthma

BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; IPAG, International Primary Care Airways Group.

The mean Ōmuta city PM2.5 concentrations were 23.3 µg/m^3^ in 2012, 19.4 µg/m^3^ in 2013 and 20.9 µg/m^3^ in 2014 (all values were greater than the Japanese environmental standard of 15 µg/m^3^ or below). The mean PM10 concentrations were 24.4 µg/m^3^, 23.8 µg/m^3^ and 24.1 µg/m^3^, respectively ([figure 3](#BMJOPEN2016012923F3){ref-type="fig"}).

![Air pollution monitoring. The annual daily mean levels of PM2.5 and SPM in Ōmuta were recorded from 2013 to 2015. PM2.5, particulate matter smaller than 2.5 µm in diameter; SPM, suspended particulate matter.](bmjopen2016012923f03){#BMJOPEN2016012923F3}

According to the Ministry of the Environment of Japan, the national mean PM2.5 concentrations were 15.4 μg/m³ in 2011, 14.5 μg/m³ in 2012, 15.37 μg/m³ in 2013 and 15.0 μg/m³ in 2014. The mean PM2.5 concentration in Ōmuta city was much higher than the recorded national mean value.

Discussion {#s4}
==========

Owing to the small amount of health promotion performed related to COPD and the difficulty of ensuring medical examinations for all citizens, many individuals are likely to have undiagnosed COPD. In a previous epidemiological study of the prevalence of COPD (the National Institute for Health and Care Excellence (NICE) study), the prevalence was reported to be 8.5% in the total population, 12.4% in smokers and 5% in non-smokers.[@R14] The medical examinations performed during this study showed an estimated prevalence of COPD of 10% in the total group of patients and 21% in smokers. The reason for a higher estimated prevalence in smokers may be that the double exposure of smoking and pollution has a strong adverse effect on respiratory function and respiratory symptoms. A previous report showed that diagnosed impaired respiratory function related to air pollution in Kurashiki did not recover and, further, that habitual smoking amplified the effects of pollution.[@R15] In contrast with the NICE study, in which the authors chose regions to study at random, this study focused on a single limited region. Therefore, differences in exposure to air pollution possibly contributed to the difference in prevalence between studies.[@R14] There is also evidence that the rate of awareness of COPD is lower in Japan. As of 2012, COPD was the ninth most common cause of death in Japan, and this disease is predicted to become the third most common disease-related cause of death in the world by 2020. The number of patients with COPD in Japan receiving treatment is ∼260,000. However, the prevalence of COPD in Japan is much lower than that in Western countries.

In this study, only 20% of the patients with suspected COPD who were referred to the central hospital for further diagnosis actually underwent a further medical examination. Since pathological changes are gradual in COPD, patients typically do not seek medical help until their symptoms are severe.[@R16] Furthermore, difficulty in accessing healthcare (a distant central hospital in our situation) may have been a factor for older patients.

The findings at the central hospital of three cases of bronchial asthma, two cases of COPD and two cases of lung cancer were surprising in that the number of COPD cases was relatively low. However, chronic bronchitis, bronchial asthma, emphysema and other respiratory conditions were included in the COPD classification. Making a definitive diagnosis may be difficult, and an overlap of symptoms may be observed because of the complex presentation of these diseases.

Asthma or COPD is present in nearly half of the patients with coughing for a period of at least 2 weeks before attending a general practitioner. Most of these can be identified by history taking and a physical examination only. However, in our study, COPD was difficult to diagnose because we were not able to obtain specific or accurate data on the length of the period of coughing. The risk of COPD is increased in patients with a history of asthma.[@R17] [@R18] In the two patients who were diagnosed with early-stage lung cancer, the screening strategy detected COPD, and was also effective in detecting other early-stage respiratory illnesses.

The annual mean concentration of PM2.5 in Ōmuta is high. The WHO standard value for the daily mean PM2.5 concentration is 25 µg/m^3^ and the annual mean PM2.5 concentration is 10 µg/m^3^. Therefore, the Japan standard is set at a higher level than the international value. In fact, the exposure index normally set for PM10 is used as the PM2.5 index. Notably, the standard relative abundance of PM2.5 to PM10 (PM2.5/PM10) is 0.5, although in developing countries this can vary between 0.5 and 0.8. In recent years in Ōmuta, the mean PM2.5 and PM10 concentrations have sometimes been the same, endangering residents. In the short term, continuous exposure to high concentrations of atmospheric pollution can irritate the throat and cause coughing and inflammation. If the exposure continues for longer than a few months, it can lead to chronic respiratory and circulatory disease.[@R19] In this study, we showed that air pollution affects lung function in adults. A previous long-term retrospective study and a long-term prospective cohort study showed that a reduction in air pollution was associated with a decline in FEV1 with a decreased risk of COPD.[@R20] Therefore, the number of patients with COPD in Ōmuta city is expected to increase, leading to an unpredictable degree of morbidity.

This concern is reflected in the scores on the COPD questionnaire, which were over the cut-off of 17 points for over half of the study patients. The COPD questionnaire was developed in a Western country, and its usefulness in Japan is uncertain. Specifically, the BMI rating is unsuitable for Japanese people, tending to result in higher scores.[@R21] However, even in the non-COPD group, more than 50% of patients reported a cough, phlegm production and wheezing. This finding is unsurprising because a previous study of respiratory symptoms in relation to PM2.5 concentrations showed that at concentrations exceeding 20 µg/m^3^, the OR increases.[@R22] An additional finding in our study was that FEV1/FVC% was low in the spirometry tests. A negative correlation between the concentration of atmospheric pollution and FEV1/FVC% has previously been reported, as have worsening of symptoms and reduced FVC.[@R23]

These findings suggest that COPD-related morbidity (and a reduction in quality of life) related to atmospheric pollution is of great concern, especially among smokers. With a 10% increase in the annual mean PM2.5 concentration, the mortality rate increases by 6%.[@R24] Accordingly, continuous efforts are needed to establish cooperative regional COPD intervention systems throughout the region. The GOLD COPD guidelines recommend the introduction of systems that ensure early diagnosis, early access to treatment and support for smoking cessation.

Several drugs are currently available for treatment of COPD symptoms. Patients\' shortness of breath, exacerbations, chronic cough and fatigue might be better treated by β-2 mimetics than by antibiotics. β-2 mimetics can improve control of symptoms and quality of life, and reduce the number of exacerbations.[@R25] A reduction in the number of smokers is urgently needed. Support for cessation of smoking has been shown to be the most effective factor in reducing the incidence of COPD and in slowing its progress. This in turn leads to a reduction in associated costs.[@R26] Further policy is needed to increase early access to care at central hospitals for persons with possible COPD. In the USA, COPD is associated with much higher medical expenses relative to other respiratory illnesses,[@R27] and we predict that COPD will similarly become an economic burden on Ōmuta in the future. In our study, a questionnaire was provided that identified four perceived barriers for successful identification of COPD. These barriers were related to the necessity for health providers\' assistance and financial compensation, as well as to patients\' socioeconomic status and ethnicity.[@R28]

Other research has reported high reliability and sensitivity when using spirometry tests and questionnaires for the diagnosis of COPD.[@R29] This research may have only resulted in few diagnoses, but we believe that a strengthened cooperative regional system can play an important role in preventing respiratory illness.

Limitations of this study {#s4a}
-------------------------

In this study, we did not have a large number of patients. Therefore, further study with a larger number of patients is required. Another limitation is that we did not investigate specific environmental exposures or the effects of the period of exposure. We were unable to identify which areas that participants lived and worked, how long they had lived in that region, and what their long-term exposure had been. A further limitation is that the number of cigarettes smoked and the duration of smoking were not factored into the analysis. Finally, a smaller number of men than women underwent a routine health examination. Therefore, sex bias may have been present in the data. Further study of the source of exposure, progression of symptoms, including asymptomatic persons, and the use of services related to acute exacerbation will help improve quality of life in the region.

Conclusion {#s5}
==========

This study examined the effectiveness of a cooperative regional system for COPD screening on previously undiagnosed patients. Our results suggest that a COPD questionnaire and spirometry tests can identify suspected COPD. While all of the patients with suspected COPD were referred for further medical evaluation at specialist facilities, additional future study is required to determine whether diagnosed patients undergo medical treatment at medical centres.

Future research should investigate behavioural interventions for smoking cessation that can be offered in a cooperative model. Additionally, strategies are required for improving participation in COPD screening and for encouraging early presentation for treatment in those suspected as having COPD.
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